Ag ri cu lt ura l Eng in eer i ng w w w . w i r . p t i r . o r g The modern agriculture model is a model based on the principles of sustainable development, i.e. protecting the environment and the cultural landscape on the one hand, and on the other, ensuring adequate income for residents. It is based on three orders: ecological, social and economic. This paper attempts to use cluster analysis to assess the economic and ecological sustainability of organic farms. It also indicates the factors that statistically influenced the assessment of a farm as sustainable, or not. The first part of the work is dedicated to the characteristics of the problem and the methodology of research and analysis. The second part contains the results of the research and discusses them.
Introduction
Since 2000, a European model of multifunctional agriculture was introduced to Poland, adopting management in accordance with the principles of sustainable development to protect the environment and biodiversity of rural areas. It also included caring for the cultural landscape and maintaining an adequate income for the rural residents, to ensure good living conditions and the development of the community. The development of agriculture has been based mainly on the concept of three orders that resulted in sustainable production: ecological (environmental) -assuming the preservation of soil fertility and reduction of environmental degradation by the introduction of mechanized work processes and an appropriate level of material and energy expenditures; social -increasing the mechanization of work processes, which leads to reduced effort and arduousness, thus ensuring greater comfort of work;
economic -ensuring income parity for an agricultural producer -the level, scale and efficiency of production (Sawa, 2008) . Environmental issues are increasingly important in economic development since globalization and urbanization affect the lifestyle and behavior of consumers. Sustainable economic development requires promotion, an environmentally friendly policy at all levels of the economy, and transformation of production and consumption patterns for human activities to always support the system of sustainable development. The assessment of the economic system in this regard requires special attention due to the principles of efficiency, integrity and respect for nature. At the same time, the growing interest in environmental issues and the behavior of entities involved in economic processes are changing in response to new trends and requirements. Therefore, in business operations and in leveraging the environmental potential, we should strive to ensure the sustainable use of natural resources, and ultimately to improve and maintain a high level and quality of life (Ziętara, 1998) . Hence, for every economic entity these days, maximizing profits is and will be inextricably linked to ecological considerations, as consumers will understand the imperative of environmental protection for present and future generations (Luchs et al., 2015) .
Due to continuous improvement, sustainable and ecological development, introduces new methods of production and consumption, as well as new methods of business organization, in which environmental protection and quality of life have become the main pillar of every strategy (Aceleanu, 2016) . Compliance with these principles may also be possible in a properly managed farm with at least two production lines (vegetal and animal). Animal production maintains a durable and efficient farming system and ensures the closest possible circulation of nutrients, with a balanced feed and fertilizer management. Stocking density in this type of farm should not be greater than its feed productivity, with the simultaneous production of manure necessary for fertilizing its agricultural land. It is also necessary to expand and modernize the technical infrastructure in rural areas and on the farms (Kukuła and Krasowicz, 2007) . Striving for the improvement of the efficiency of direct technical expenditure should start by modifying and improving the construction of machines and tools, as well as choosing the production technology and rational selection of technical means so that they correspond to local conditions and the size of the enterprise (Popczyk, 2009 ). Only rationally selected and applied technical means will allow the proper implementation of production processes, scope and quality-wise, which may result in an increase in the obtained production results and a reduction in expenses. Therefore, in such conditions, productivity and labor productivity can be considered as the basic measures of economic sustainability (Tabor, 2006; , however they are not always directly related to the measures of ecological sustainability. However, compared to other types of farms, it is organic farms that should be especially characterized by meeting both ecological and economic sustainability criteria. Therefore, conducting research aimed at understanding the conditions that impact the meeting of these criteria should be considered important, because only then will the opportunity to develop this management system be provided.
Purpose and scope of work
An agricultural holding must meet standards of the food producer market and operate according to strategies appropriate for production enterprises. Therefore, effective use of available resources is essential to allow delivering value that exceeds the costs incurred, as only then can the farm develop and consolidate its position on the market. Otherwise, resources decrease, which results in reduced production capacity, and in the long run, in displacing food producers from the market. Unfortunately, organic food producers must also operate in such economic conditions. However, in their case, the rational use of resources, including human labor, must be accompanied by care for the preservation of environmental values and compliance with ecological sustainability standards. Therefore, for this type of production, it is characteristic to conduct processes based on the natural circulation and reproduction of nutrients, mainly minerals (N, P, K) and the organic matter. At the same time, due to economic conditions, it is necessary to generate enough agricultural to enable adequate parity of the family income and to secure the investment needs of the farm. Therefore, in this context, it is necessary to meet the economic and social sustainability standards, in which economic labor productivity remains the basic measure. It is the ratio of the value of the generated agricultural income to the used human labor resources.
With low material inputs from outside the farm, it can be assumed that the main factor determining the level of efficiency will be agricultural technology. Properly selected, it will reduce the use of human labor resources, and at the same time will be a source of expenditure that should dominate in the structure of production costs.
The main purpose of the work was to check the usefulness of cluster analysis (clustering) in assessing the sustainability of organic farms, i.e. whether the clusters obtained in the process of modeling group farms well in terms of sustainability. Apart from presenting the work methodology, the first part of the work aims to answer the question regarding the optimal number of clusters for the purpose of analysis. Too many clusters will cause excessive fragmentation of objects and prevent conclusions, and too small may not allow indicating statistically significant features of the farms.
Next, seeking the answer to the following questions should be considered as particularly important: 1. Which factors decide about ecological sustainability, and which about economic sustainability, and to what extent? 2. Do the dominant factors allow a proper description of the phenomenon depending on the type of the production, and in the case of economic sustainability also on technical equipment characteristic for this type? 3. Is it possible to distinguish between ranges or classes of balance, appropriate to the type of the production and technical equipment characteristic for this type, due to the dominance of certain factors and the similarity of the objects? 4. How strong is the impact of factors common to ecological and economic sustainability, including that, which determine technical equipment, within specific ranges and classes of sustainability? 5. Can these factors have a decisive influence on the choice of the type of the production and selection of technical equipment characteristic for this type?
The assessments and analyzes provide the opportunity to answer the questions posed, and the conclusions may have not only cognitive, but also utilitarian significance.
Methodology
The scope of research covered events from 50 ecological farms located in four provinces of southern Poland: Małopolskie, Podkarpackie, Śląskie and Świętokrzyskie. Basic research covered events from 2 years (2011, 2012) and were conducted as part of the National Centre for Research and Development (NCBiR) development project "Innovative impact of technology and IT-based management support on production efficiency of organic farms, NR12 016510". This project was implemented at the Faculty of Production and Power Engineering in Krakow. Reports submitted by farm owners to units supervising organic farms and economic event registers kept by farmers were used to collect the data for the purposes of the research project. As reports are submitted to several supervisory bodies, including certification bodies and agencies supervised by the Minister of Agriculture and Rural Development, significant divergence in entries have been identified in many. To verifying the reasons for these discrepancies,and due to the project's sustainability, the research in selected farms were supplemented until the end of 2015. All data was then verified and the results identified as affected by random phenomena were removed.
Income per full-time employee was adopted as an indicator of economic sustainability. This variable did not participate directly in the clustering, also known as object grouping, i.e. data segmentation and clustering. It is a method that is used in data mining techniques, an advanced data analysis tool used to group variables or objects into unknown groups. It includes dividing (usually multidimensional) data sets into groups (clusters) in such a way that the elements in the same group (cluster) are similar to each other, and at the same time as different from the elements in other groups as possible (Gatnar and Walesiak, 2004) . The main purposes of clustering include the classification of data suggested by their natural grouping. In the case of multivariate data, visualization often doesn't allow it (Steliga, 2011; Morzy, 1999) . Groups (clusters) are sets of such elements whose distance between any two elements in a cluster is smaller than the distance between any element in a cluster and any element from another cluster (Fig. 1) .
Figure 1. Graphic illustration of clusters based on two base components
In clustering, the data set is divided into groups using different criteria, which allows determining the similarities of objects in a given group (cluster). Such categorization causes maximum distinction of elements between groups, while maintaining their coherence (similarity) within the same group. Thanks to this method, maximum homogeneity in groups is achieved while maintaining the best heterogeneity between the groups (Marek, 1989) .
Subject literature offers many variants of cluster analysis methods and proposals related to their classification (Sneath and Sokal, 1973) . This paper uses the iterative optimization (non-hierarchical) method, which involves moving objects from one cluster to another. Its purpose is to find the best set of clusters according to a given criterion, but it requires prior specification of the number of clusters into which a given set is to be divided. The choice of this number is very important and has a great impact on the quality of the segmentation obtained. A large number of clusters will cause the determined clusters to be internally homogeneous, however, it is difficult to interpret and apply the results in practice. However, a small number of clusters yields lesser internal homogeneity of the cluster (Grabiński, 1992) .
The "silhouette" factor was used to assess the quality of clustering internally. Objects with a high value of this factor are considered well allocated to clusters, objects with a low value can be outliers. This index works well with k-means clustering algorithm, and is also used to determine the optimal number of clusters.
Assuming that the set of objects was divided into k 1 , … , clusters, and for each object i the average distance of this object from other objects belonging to the same cluster was determined, according to the formula:
where: card( ) means the abundance of the i-th cluster, while ( , ) is the distance (according to the accepted metric) between objects i and j. The calculated value of ( ) can be interpreted as the quality level of the assignment of object i to the cluster -the lower the value, the better the quality).
Then, for each object i a cluster mismatch level was specified with the equation:
determining the average distance of object i to all objects in the cluster . The level of general mismatch of object i to clusters not including this object was determined by the equation:
High value of ( ) indicates a poor match of the i-th object to its neighboring clusters.
The "silhouette" value for the object i was described by the formula:
This factor takes values from -1 to 1. The value close to 1 indicates a correct classification of the object into its cluster, while the value close to -1 indicates that classifying the object into the cluster adjacent to the assigned would recommended. Zero means that the object is on the border of the cluster to which it has been assigned, and the adjacent cluster.
The value of the "silhouette" coefficient for the entire set of objects, and broken down into k clusters is defined by the formula
where: ( ) is the arithmetic mean of the values ( ) for all objects i belonging to the cluster j.
This value is a measure of the quality of the set's division into clusters and is used to determine the optimal number of clusters for a specific set of objects. Repeating the calculations of ( ) for different values of , the optimal division is the one for which ( ) is the greatest.
Findings
To achieve the main purpose of the work, i.e. to check the usefulness of cluster analysis in assessing the sustainability of organic farms, it was necessary to determine the optimal number of clusters into which the collected research material will be divided. The analyzes were performed using the R analysis and visualization package.
Automatic division into k clusters was made using the silhouette factor method. For ecological sustainability (Fig. 2) , the optimal number is 7. Due to the insufficient number of objects in some clusters, it was decided to reduce their number to 3 at the expense of slightly reducing the silhouette factor.
In the case of economic sustainability, the optimal number of clusters was determined as 8 and, as in the previous case, it was limited to 3 ( Fig. 3) . As a result, the number of objects in individual clusters was increased. Too much fragmentation would hinder generalization in the inference.
The number of clusters thus determined will be used in the second part of the work. 
Conclusions
Both in the case of ecological and economic sustainability, the division into 3 clusters was considered the most useful. The analysis of silhouette values indicated the optimal division of 7 and 8, respectively, however, due to too large fragmentation in this case (some clusters would include a few farms) it was decided to divide into a smaller number of clusters. This division is characterized by a slightly lower silhouette value; instead, it significantly increases the number of objects in individual clusters.
The division into 3 clusters thus proposed will be used in the second part of the work, to assess the sustainability of organic farms.
